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Executive Summary

On behalf of Cytec Solvay Group (Cytec), Arcadis U.S., Inc. (Arcadis) prepared this 2022 Annual Groundwater
Performance Monitoring Report (2022 Annual PMR) for the Cytec facility located at 1300 Revolution Street in
Havre de Grace, Maryland (site). Environmental activities at the site are conducted in accordance with the
requirements of Resource Conservation and Recovery Act (RCRA) Permit ID No. MDD 003 075 942, with
oversight by the United States Environmental Protection Agency (USEPA) Region 3. The site’s RCRA permit
became effective on December 6, 2012.

This 2022 Annual PMR presents the 2022 groundwater analytical results, following implementation of the final
remedy (a combination of groundwater use restrictions, enhancement of the existing groundwater stabilization
system, and long-term monitoring) in January 2015. Annual performance monitoring was conducted in September
2022, in accordance with the monitoring program established in the Performance Monitoring Plan (PMP; Arcadis
2012b) and subsequent monitoring report recommendations.

Concentration trends for site constituents of concern (COCs) have demonstrated significant groundwater quality
improvements (i.e., concentrations have decreased by orders of magnitude at many on- and off-site monitoring
wells) since implementation of the interim remedial measures at the site, which were initiated in 1996. The
groundwater quality improvements are the result of a combination of on-site mass removal, off-site mass flux
reductions, and natural attenuation processes. Prior to operation of the expanded groundwater stabilization
system in January 2015, elevated concentrations of 1,2-dichloroethane (1,2-DCA) remained at several locations,
including intermediate monitoring well MW-61 and deep monitoring wells MW-3, MW-27, and MW-28D. Based on
the 2022 performance monitoring results, nine of 19 monitoring wells are in compliance with corrective action
objective (CAO) goals (i.e., no COCs exceeded their respective numerical CAO goals), as summarized in
Exhibit 1, below.

Exhibit 1. 2022 Performance Monitoring Results Summary

Performance Monitoring Wells in
Compliance with CAO Goals for Site

Performance Monitoring Wells Not in Compliance
with CAO Goals

COCs
Monitoring Well ID Dlécs)?garfgci?c:n Monitoring Well ID Dlt_acs)icgant:;inc:n Cogzgggaeldsing
MW-4 On site MW-3 On site 1,2-DCA, methylene chloride, VC
MW-8D On site MW-61 On site 1,2-DCA, TCE
MW-8S On site MW-13D On site 1,2-DCA
MW-12D On site MW-14I Off site 1,2-DCA
MW-12S On site MW-16 Off site VC
MW-14 Off site MW-19D1 Off site 1,2-DCA
MW-18 Off site MW-23 Off site 1,2-DCA
MW-20D1 Off site MW-25I On site Chloroform, TCE
MW-22D Off site MW-27 Off site TCE, VC
MW-28D On site 1,2-DCA
Notes:

1,2-DCA = 1,2-dichloroethane
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VC = vinyl chloride
TCE = trichloroethene

Six monitoring wells (MW-3, MW-12S, MW-12D, MW-13D, MW-19D1, and MW-20D1) are used for point of
compliance (POC) monitoring during active operation of the groundwater stabilization system. At three POC wells
(MW-12S, MW-12D, and MW-20D1), concentrations were less than the respective CAO goals for each COC. At
downgradient POC well MW-19D1, the concentration of 1,2-DCA (52 micrograms per liter [ug/L]) exceeded the
CAO goal of 5 pg/L in 2022, slightly higher than the 2021 result (30 pg/L). 1,2-DCA concentrations at this location
were less than the CAO goal of 5 pug/L between 2014 and 2017: November 2014 (3.0 pg/L), June 2015 (1.6 pg/L),
November 2015 (1.9 pg/L), and October 2017 (2.8 pg/L). As such, it is believed that the 2018 to 2022 detections
of 1,2-DCA in downgradient POC well MW-19D1 are representative of a slug of mass located beyond the capture
zone of the expanded groundwater stabilization system that is now passing through the downgradient portion of
the site as monitored by well MW-19D1. It is expected that concentrations of 1,2-DCA will attenuate (reduce)
through time at this location. This is further supported by the significant reduction in COC concentrations at off-
site monitoring well MW-27 since expansion of the groundwater stabilization system in 2015.

At on-site POC monitoring well MW-3, 1,2-DCA, methylene chloride, and vinyl chloride (VC) were detected at
concentrations exceeding their CAO goals. MW-3 is located at the former underground storage tank farm in the
southern corner of the site. At MW-3, the methylene chloride concentration (27 pg/L) was greater than its CAO
goal of 5 pg/L and less than its historical peak concentration of 15,000 pg/L in October 1997. Methylene chloride
was previously detected in 2020 (53 pg/L) and 2021 (35 J [estimated concentration] pg/L).

In 2022, the maximum detected concentration of methylene chloride in downgradient extraction well EW-02 was
140,000 pg/L. With the exception of EW-02 and MW-3, methylene chloride was not detected in 2022 in any of the
other monitoring wells included in the PMP (Arcadis 2012b). Groundwater samples will continue to be collected
from performance monitoring wells listed in Exhibit 1 including MW-3 and analyzed for methylene chloride to
further evaluate the isolated detections observed to date. In general, concentrations of COCs have remained
stable or decreased following implementation of the expanded groundwater stabilization system in January 2015.
Exceptions include the presence of VC at MW-3 due to natural attenuation processes, and the recent presence of
1,2-DCA concentrations in downgradient well MW-19D1.

Furthermore, concentrations of the primary site COC, 1,2-DCA, have varied without clear trends since the last
reporting period. The concentration of 1,2-DCA in EW-01 ranged from 350 pg/L to 790 pg/L in 2022, compared to
83 pg/L to 1,100 ug/L in 2021. In EW-02, the concentration of 1,2-DCA was 47,000 ug/L in 2022, compared to a
range of 1,800 D ug/L (detected after dilution) to 17,000 pg/L in 2021. EW-02 was only sampled once in 2022 due
to a pump motor malfunction and groundwater extraction is expected to resume in January 2023.

Groundwater samples were collected from select monitoring wells and analyzed for biogeochemical parameters
and degradation products to assess the biodegradation potential of the groundwater COCs and current
groundwater oxidation-reduction (redox) conditions. The biogeochemical data collected to date indicate that the
redox conditions range from mildly to strongly reducing. A degradation product, methane, was detected in one on-
site well (MW-3), several off-site wells (MW-141, MW-16, MW-18, MW-23, and MW-27), and downgradient POC
wells MW-19D1 and MW-20D1. An advanced degradation product, ethene, was detected at significant
concentrations (greater than 100 pg/L) in MW-27 from 2014 to 2022. The presence of these compounds indicates
that 1,2-DCA, TCE, and their degradation products are readily attenuating, resulting in mass destruction within the
off-site contaminant plume. Conservative fate and transport calculations were completed for 1,2-DCA to estimate
the distance downgradient at which 1,2-DCA concentrations in groundwater become less than the CAO (5 ug/L).
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The results indicate that 1,2-DCA concentrations in well MW-19D1 attenuate to levels below the CAO before
reaching the Chesapeake Bay at its closest point, approximately 632 feet downgradient of MW-19D1.

In 2022, 2,838,180 gallons of COC-impacted groundwater were extracted by the system and discharged to the
local publicly owned treatment works, an approximate decrease of 11 percent compared to the extracted volume
reported for 2021. The average monthly uptime for the system in 2022 was 74 percent, 2 percent lower than
2021. The three extraction wells were not operated as consistently in 2022 compared to 2021 due to prolonged
EW-02 pump shutdown and unforeseen equipment failures that caused protracted system shutdowns. While
biofouling of the well screens, pump motors, and subsurface piping network continues to hinder system
performance, routine and proactive operation and maintenance activities conducted in 2022 optimized overall
system performance, similar to 2021.

The observed water-level measurements indicate that under pumping conditions, the deep overburden zone is
hydraulically captured across the entire width of the on-site impacted area. Moreover, the observation that COC
concentrations in wells downgradient of the northeastern site boundary continue to demonstrate decreasing or
stable trends provides further evidence of adequate hydraulic capture when the extraction wells are operating.

A combination of hydraulic capture, mass removal, mass flux reductions, and natural attenuation processes is
continuing to improve groundwater quality at the site and inhibiting contaminant mass flux migration downgradient
of the site boundary.

Continued operation of the groundwater stabilization system is recommended to maintain groundwater capture.
Operation of the groundwater stabilization system is planned for at least 15 years (2015 through 2030). The
eighth year of operation was performed in 2022. Continued annual groundwater monitoring is planned, with the
next performance monitoring event tentatively scheduled for August 2023 followed by the 2023 annual PMR
submittal by January 31, 2024. To maintain the operational capture zone of the groundwater stabilization system
in 2023, an annual well rehabilitation and hydro-jetting event will be conducted, the pump at EW-02 will be
replaced in January 2023, and pumps will be routinely cleaned throughout the year. Routine pipe cleaning will be
conducted quarterly, or as needed based on well performance. Additionally, routine system inspections and timely
leak repairs will facilitate continued system operation. Effluent samples collected during routine system
inspections will be used to optimize the flow rate at each extraction well.
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2022 Annual Groundwater Performance Monitoring Report

1 Introduction

On behalf of Cytec Solvay Group (Cytec), Arcadis U.S., Inc. (Arcadis) prepared this 2022 Annual Groundwater
Performance Monitoring Report (2022 Annual PMR) for the Cytec facility located at 1300 Revolution Street in
Havre de Grace, Maryland (site). Environmental activities at the site are conducted in accordance with the
requirements of Resource Conservation and Recovery Act (RCRA) Permit ID No. MDD 003 075 942, with
oversight by United States Environmental Protection Agency (USEPA) Region 3. The site RCRA permit became
effective on December 6, 2012.

The final remedy for groundwater is a combination of groundwater use restrictions, enhancement of the interim
groundwater stabilization system, and long-term monitoring in accordance with the Final Decision and Response
to Comments (USEPA 2012). A Performance Monitoring Plan (PMP; Arcadis 2012b) was subsequently prepared
in 2012. This 2022 Annual PMR presents the eighth year (2022) of groundwater analytical results following
implementation of the final remedy in 2015. Specifically, this 2022 Annual PMR describes the operational status
of the groundwater stabilization system and current groundwater results and evaluates the extent of on-site
capture and downgradient natural attenuation of the constituents of concern (COCSs).

Pre-implementation groundwater sampling (performed prior to the 2015 modification of the groundwater
stabilization system) was conducted in October and November 2014, as summarized in the Groundwater
Monitoring Results Technical Memorandum (Arcadis 2015a). Construction and pre-implementation activities
related to the expanded groundwater stabilization system are documented in the Corrective Measures
Implementation Construction Completion Report (Arcadis 2015b).

Performance monitoring has continued annually in accordance with the PMP (Arcadis 2012b) and was modified
pursuant to the recommendations outlined in subsequent Annual Performance Monitoring Reports (PMRs), as
described below:

e 2016. Tetrachloroethene (PCE) and carbon disulfide were removed from the COC list based on analytical
results, and total organic carbon (TOC) was added to the monitored natural attenuation (MNA) parameter list.
The groundwater sampling method was modified to a passive sampler (HydraSleeve ™) for use with both
volatile organic compounds (VOCs) and MNA parameters. These modifications were presented in Section 7
of the 2015 Annual PMR (Arcadis 2016). Approval of these modifications was documented in comments on
the 2015 Annual PMR, received from the USEPA via an electronic mail on August 2, 2016 (USEPA 2016).

e 2018. Monitoring wells MW-11D, MW-16, and MW-27 were reclassified as deep overburden wells in 2018.
This proposed change was documented in the 2017 Annual PMR (Arcadis 2018). Approval of this change
was documented in an electronic mail received from the USEPA on February 28, 2018 (USEPA 2018).

e 2020. Monitoring wells MW-6 and MW-15 were removed from the monitoring program in 2020 because no
site COCs were detected at concentrations greater than laboratory reporting limits during the previous 5 years
of monitoring. This proposed change was documented in the 2019 Annual PMR (Arcadis 2020). Approval of
this change was documented in an electronic email from the USEPA on February 10, 2020 (USEPA 2020).

In September 2022, 19 wells were sampled for VOCs and eight wells were sampled for MNA parameters.
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2 Site Background

Site background information including the site location, hydrogeologic setting, and groundwater characterization
are presented below to assist in evaluating the performance assessment of the groundwater stabilization system
and COC trends.

2.1 Site Location

The site occupies an approximately 27-acre parcel, located at 1300 Revolution Street in Havre de Grace,
Maryland (Figure 1). The facility began operations on site in 1962, manufacturing structural adhesives for the
aerospace industry. A portion of the facility was used to manufacture honeycomb core material used in
conjunction with adhesives to form fuselage and wing components of aircrafts between 1981 and 1992. Currently,
Cytec produces specialty bonding adhesives at this facility, including modified epoxy adhesives, adhesive
primers, high-temperature resin systems, and thermoplastic materials (e.g., graphite, DECLAR®) for the
aerospace industry.

As shown on Figure 2, the site is bisected by the Norfolk Southern Railroad and an intermittent stream (a branch
of Lilley Run). The adhesives building is located on the western portion of the site. The facility warehouse
occupies the eastern half of the site. Figure 2 also shows the areas surrounding the site, which include a mixture
of light industrial and high-density residential properties. No structures are currently present beyond the
warehouse on the eastern portion of the site. The Havre de Grace wastewater treatment plant, a local publicly
owned treatment works (POTW), is located immediately southeast of the site boundary.

2.2 Hydrogeologic Setting

Historically, overburden groundwater flow was interpreted by dividing the overburden into two separate water-
bearing units, corresponding to the Upper and Lower Talbot formation. However, this interpretation was not able
to accurately describe COC migration in groundwater at locations where multiple sand and gravel layers are
present at different elevations within the Lower Talbot. Based on discussions with the USEPA during development
of the Phase IV RCRA Facility Investigation Report (RFI Report; Arcadis 2008a, 2008b), a decision was made to
subdivide the overburden into the following three water-bearing units:

e Shallow overburden zone. Consists of the silts and similar fine-grained materials present in the upper 10 to
20 feet of the overburden (on site).

e Intermediate overburden zone. Consists of the uppermost sand and/or sand and gravel layers that underlie
the fine-grained materials of the shallow overburden zone in the upper 20 to 30 feet of the overburden (on site
and at deeper depths off site).

e Deep overburden zone. Consists of a second zone of permeable sand and/or sand and gravel layers that
occur below the intermediate zone at locations where a layer of lower permeability silty clay separates the
intermediate and deep overburden into two separate flow zones in the upper 30 to 45 feet of the overburden
(on site and at deeper depths off site).

www.arcadis.com 2



2022 Annual Groundwater Performance Monitoring Report

As a result of these changes to the hydrostratigraphic conceptual site model, many of the existing monitoring
wells were reclassified as either intermediate or deep overburden wells in the RFI Report (Arcadis 2008a, 2008b).
The well specifications and water-bearing unit designations are presented in Table 1.

Groundwater flows generally from west to east across the site and surrounding area in each zone. The similarity
in groundwater flow patterns is most apparent in the intermediate and deep overburden zones. This observation,
supported by the detection of groundwater impacts in the intermediate and deep overburden zones, indicates that
the sand and gravel layers within these two water-bearing units are hydraulically connected; however, geologic
cross sections provided in the PMP (Arcadis 2012b) show that there are discontinuous silt and clay lenses in the
intermediate and deep overburden zones.

The hydrogeologic setting is further discussed in Section 5 (Updated Site Conceptual Model) of the RFI Report
(Arcadis 2008b) and Section 2.5 (Site Conceptual Model) of the Corrective Measures Study Report (CMS Report;
Arcadis 2012a).

2.3 Monitoring Well Network

A monitoring well network was installed during previous site investigations and consisted of 33 on-site and 16 off-
site monitoring wells (Figure 2). The current groundwater sampling program includes 19 monitoring wells as
presented in Table 2. In 2022, one site-wide gauging event was conducted on September 13. An additional 15
on-site and five off-site monitoring wells were gauged but were not sampled as a component of the PMP (Arcadis
2012b). The groundwater stabilization system was operational and pumping during the gauging event, with the
exception of extraction well EW-02 (further described in Section 4.1). The 2022 gauging activities are summarized
on the well inspection checklists included in Appendix A.

2.4 Constituents of Concern and Groundwater Impacts

Historical site investigations have identified the following COCs for groundwater:

e 1,1,2-Trichloroethane (1,1,2-TCA)

e 1,2-Dichloroethane (1,2-DCA)

e Chloroform

e Methylene chloride (also commonly known as dichloromethane)
e PCE

e Trichloroethene (TCE)

e Vinyl chloride (VC)

e Carbon disulfide

In 2016, PCE and carbon disulfide were removed from the COC list due to limited detections. In 2022, the COCs
present at elevated concentrations are 1,2-DCA, chloroform, VC, TCE, and methylene chloride as further
described in Section 5.2. The predominant COC in groundwater is 1,2-DCA.

According to facility personnel, 1,2-DCA was used as a raw material and cleaning solvent at the site from
approximately 1967 through July 1990. A 6,000-gallon underground storage tank (UST), located at the UST farm
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at the southern corner of the site boundary near the adhesives building (Figure 2), was used to store bulk 1,2-
DCA. The UST was removed in December 1991.

Methylene chloride, another COC in groundwater, was also used as a raw material and cleaning solvent at the
site from approximately 1967 through April 2003. Methylene chloride was stored in a 6,000-gallon UST at the UST
farm (removed in December 1991), in a 3,000-gallon aboveground storage tank from September 1992 through
December 1993, and in 55-gallon drums until use was discontinued in 2003. Methylene chloride groundwater
impacts are present in extraction well EW-02, which is downgradient of the drum storage area, as shown on
Figure 2. There are no known historical or current uses of 1,1,2-TCA, chloroform, PCE, TCE, VC, or carbon
disulfide at the site.

The results of previous site investigations suggest that groundwater impacted with 1,2-DCA in the vicinity of the
adhesives building migrated downward and into the sand and gravel layers of the intermediate and deep
overburden zones beneath portions of the site (Arcadis 2008b). Impacted groundwater then migrated
downgradient through these two zones and off site to the northeast, where these zones are connected near
monitoring well MW-27 (located off site, approximately 146 feet east of EW-01). From this point, the impacted
groundwater continued to migrate through the intermediate overburden zone farther off site to the northeast,
spreading into the deep overburden zone near monitoring wells MW-14 (located approximately 520 feet
downgradient of MW-10D) and MW-18 (located off site, approximately 270 feet northeast of MW-10D), where the
two flow zones separate again.

2.5 Interim Remedial Measures for Groundwater

Several interim remedial measures have been implemented to address impacted groundwater at the site,
including a density-driven convection (DDC) groundwater treatment system (1996 to 1999), a NOVOCs™
groundwater treatment system (1998 to 1999), and a groundwater stabilization system (2002 to 2014). Details
pertaining to the implementation and effectiveness of the DDC and the NOVOCs™ treatment systems are
provided in the Phase Il RFI Report (Blasland, Bouck & Lee, Inc. [BBL] 1998) and the CMS Report (Arcadis
2012a).

The interim groundwater stabilization system was originally installed in 2001 to control off-site migration of the
dissolved-phase chlorinated VOC impacts in the intermediate and deep overburden groundwater at the
northeastern site boundary. The interim groundwater stabilization system included one extraction well (former
monitoring well MW-10D) and conveyed extracted groundwater to the City of Havre de Grace POTW. Operation
of the interim system began in April 2002 and continued through mid-November 2014.

2.6 Final Remedy for Groundwater

As described in the Final Decision and Response to Comments for the site (USEPA 2012), the final remedy for
groundwater is a combination of groundwater use restrictions, enhancement of the interim system, and long-term
monitoring until corrective action objective (CAQO) goals are met. Groundwater stabilization was implemented to
reduce the migration of impacted groundwater across the site boundary. As part of the final remedy, the system
was expanded to include the installation of two additional extraction wells (EW-01 and EW-02) to increase
hydraulic control and further reduce the migration of impacted groundwater beyond the designated points of
compliance (POCs) at the site boundary (refer to Section 3.1).
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The groundwater stabilization system expansion was conducted between October and December 2014, and
system shakedown and startup testing were conducted in January 2015. Construction and startup of the
expanded stabilization system are documented in the Corrective Measures Implementation Construction
Completion Report (Arcadis 2015b).

The extracted groundwater continues to be discharged directly to the POTW in accordance with permit number
CYT-2013-101. Currently, groundwater is pumped from three extraction wells (EW-01, EW-02, and MW-10D) at
specific rates based on mass loading estimations (Arcadis 2015b). Flow rates can be adjusted, as necessary, to
optimize the hydraulic control of COC-impacted groundwater while adhering to the discharge limit requirements
established by the POTW. The 2022 daily pumping volumes and average cumulative pumping rates per month
are shown on Figure 3. These daily pumping volumes are presented to show system uptime (i.e., when the
system was running). Extraction well EW-02 has not been pumping since March 2022 due to a failed motor,
groundwater extraction is expected to resume in January 2023 (refer to Section 4.1).

www.arcadis.com



2022 Annual Groundwater Performance Monitoring Report

3 Corrective Action Objectives

As stated in the PMP (Arcadis 2012b), the CAOs address COCs present in groundwater at the site and provide
the basis for the formulation and development of the corrective measure selected in the CMS Report (Arcadis
2012a): On-Site Expansion of the Existing Groundwater Stabilization System. The CAOs for the final remedy at
the site are as follows:

¢ Manage future site use such that residential land use within the site boundary is restricted.

¢ Minimize and/or manage exposure to groundwater containing COCs at concentrations greater than
established performance goals at an appropriate point of exposure.

e Maintain no unacceptable population-level ecological risks.

e Restore groundwater to established performance goals to return groundwater to maximum beneficial use at
an appropriate POC.

These goals are met through operation of the system as well as implementation of institutional controls and long-
term monitoring of COCs and MNA parameters. The system is operated at the site to increase hydraulic control of
COC-impacted groundwater and further reduce migration of COCs beyond the site POCs, thus reducing the
potential risk associated with impacted groundwater.

3.1 Points of Compliance

POCs were selected throughout the area of COC-impacted groundwater based on the CAQO to return groundwater
to its maximum beneficial use. The POCs were selected using a throughout-the-plume/unit boundary approach.
The POCs include two locations intended to provide information regarding the downgradient extent of COCs
(MW-19D1 and MW-20D1, located approximately 1,325 feet downgradient from the northeast corner of the site)
and four locations intended to provide information regarding migration of impacted groundwater across the site
boundary (MW-12S, MW-12D, and MW-13D located along the northeast site boundary, and MW-3 located in the
southeast corner of the site), as indicated in the PMP (Arcadis 2012b). The POC monitoring wells are presented
in Table 2.

3.2 Numerical Performance Goals

In support of the CAOs, numerical performance goals were established based on USEPA maximum contaminant
levels (MCLs) for groundwater. For COCs with no MCLs, USEPA Region 3 screening levels for tapwater were
used, as described in the USEPA-approved Corrective Measures Study Work Plan (CMS Work Plan; Arcadis
2008c). Table 3 identifies the COCs for groundwater at the site and their numerical CAO performance goals, as
defined in the CMS Work Plan (Arcadis 2008c).

The approved numerical CAO for chloroform is the USEPA regional screening level of 0.19 micrograms per liter
(Mg/L), which is lower than the typical laboratory reporting limit. Chloroform is regulated as a trihalomethane
(THM) by the USEPA, which stipulates a cumulative THM MCL of 80 pg/L. Chloroform results are compared to
both screening levels in Section 5.2.
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4  Site Activities

Site activities conducted in 2022 consisted of the following:

e Routine and non-routine operation and maintenance (O&M) of the groundwater stabilization system, including
completion of a pipe jetting event, routine pump cleaning, and leak repairs.

e Annual groundwater sampling using passive samplers at the 19 performance monitoring wells for COCs and
field parameters.

e Annual groundwater sampling at a subset of the 19 monitoring wells for MNA parameters (TOC, sulfate, iron
[total and dissolved], and dissolved gases [ethene, ethane, and methane]).

e Completion of a site-wide synoptic groundwater elevation survey during a period of consistent groundwater
stabilization system operation to enhance the ability to interpret groundwater flow direction at the site.

Site activities were conducted in accordance with the site-specific Health and Safety Plan (Arcadis 2022),
standard operating procedures, the monitoring program requirements established in the PMP (Arcadis 2012b),
and as modified in the subsequent annual reports (Arcadis 2016, 2018, 2020, 2021a, 2021b). The current
performance monitoring program summary is presented in Table 2. Figure 2 shows the groundwater monitoring
well network.

4.1 System Operation

Two of the three extraction wells (EW-01 and MW-10D) in the groundwater stabilization system operated
continuously except for short-duration shutdowns (Figure 3) in January, February, June, July, and August 2022.
On January 20, 2022, POTW facility personnel notified Arcadis of a pipe leak at the POTW property, prior to the
Cytec system water entering the digester, and the system was shut down. The pipe at the POTW was replaced
on February 1, 2022, and the system was restarted. The system was shut down again due to another leak at the
POTW on February 10, 2022, which was repaired on February 23, 2022 and the system restarted. On March 15,
2022, a P-300 overload fault alarm shut down the EW-02 pump. A new motor was ordered, repairs are anticipated
to be completed and groundwater extraction is expected to resume in January 2023. On June 27, 2022, leaks
within the system enclosure at MW-10D were identified and the system shut down. Leaked water was captured in
the floor drain of the system enclosure and conveyed to the MW-10D well vault. Repairs were completed on July
15, 2022, and the system was returned to operational status. On July 7, 2022, the EW-01 transducer failed, but
EW-01 remained operational. A replacement was ordered and installation was completed in December 2022.

Monthly uptimes were generally greater than 70 percent as summarized in Exhibit 2, below. The average monthly
uptime for the system from December 2021 to December 2022 was 74 percent. Average monthly pumping rates
in gallons per minute (gpm) accounting for downtime are also summarized in Exhibit 2, below, and shown on
Figure 3.
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Exhibit 2. 2022 Summary of Average Daily Flow Rates and Monthly System Uptime

Average Daily Flow Rate Monthly Uptime
Month
(gpm) (Percent)

December 2021 1.9 26
January 2022 1.2 16
February 2022 3.5 54
March 2022 6.4 94
April 2022 5.7 83
May 2022 6.2 97
June 2022 6.5 90
July 2022 3.3 48
August 2022 6.0 81
September 2022 7.4 100
October 2022 7.2 100
November 2022 6.4 90
December 2022 4.9 87
Average: 51 74

4.2 System Sampling

Extraction well effluent and combined system discharge are analyzed for VOCs via USEPA Method 624 and for
metals via USEPA Method 200.7 (Revision 4.4) as needed to assess system performance. Specifically, samples
were collected on January 12, May 10, July 15, and October 11, 2022. Extraction well analytical results for 1,2-
DCA and methylene chloride are presented in Table 4. The remaining constituent results are presented in the
O&M laboratory reports (Appendix B). Extraction well effluent samples are collected while the system is running.
Because EW-02 was not pumping after March 2022, samples were not able to be collected from this extraction
well for the May, July, and October 2022 sampling events.

The semiannual combined system effluent samples were collected in May and October 2022 and analyzed for
semivolatile organic compounds via USEPA Method 625, VOCs via USEPA Method 624, metals via USEPA
Method 200.7 (Revision 4.4), mercury via USEPA Method 245.1, and cyanide via USEPA Method SM 4500 to
comply with the permit requirements established by the POTW. Samples were collected from the terminal point of
discharge at the POTW (May 10 and October 12, 2022). The POTW's effluent limitations are presented in permit
number CYT-2013-101. Analytical results were in compliance with the POTW's effluent limitations (Appendix B).

4.3  System Operation and Maintenance Activities

Quarterly system inspections and maintenance were conducted in 2022. Inspections include calibration of the pH
probes, inspection and cleaning of flow meters and piping in the system enclosure, collection of groundwater
elevations at the extraction wells, and collection of influent and effluent system samples as discussed in
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Section 4.2. In 2022, routine O&M activities also included completion of a well rehabilitation (i.e., purging, surging,
and brushing of the three extraction wells) and hydro-jetting events to proactively control biofouling within the
system and minimize the impact of biofouling on overall system performance. These events were conducted from
April 12 through 15, 2022. Consistent with the 2021 events, hydro-jetting was conducted using a trailer-mounted
pressure washer. Water, obtained from an on-site hydrant, was jetted through the subsurface piping network from
the extraction well vaults toward the system enclosure and vice versa. The collected water was containerized and
transported to the POTW for disposal. Jetting of the discharge lines from the system enclosure to the POTW was
conducted for the first 300 feet. Jetted water was collected at the terminal point of each jetted segment. Following
jetting activities, each pump was removed from its extraction well, disassembled, cleaned, and inspected.

The well rehabilitation and hydro-jetting event positively affected the monthly average flow rates at MW-10D (the
average flow rate increased from 4.8 gpm in April 2022 to 5.2 gpm in May 2022) and EW-01 (the average flow
rate increased from 0.91 gpm in April 2022 to 0.99 gpm in May 2022). The pump at EW-02 is typically removed
for cleaning/maintenance and replaced every quarter, or more frequently as necessary. Quarterly pump cleaning/
maintenance will resume in 2023 following the new motor installation and the pump resumes operation. Flow from
the extraction wells is also optimized during quarterly site visits to maintain a pH greater than 5.0 standard units in
accordance with CYT-2013-101 permit requirements.

Routine and non-routine O&M activities, including system alarms, are summarized in Table 5, and details of all
routine and non-routine O&M activities are included in Appendix A. Non-routine O&M activities including pipe
and system monitoring equipment (pH and transducer probes uninterruptible power supply [UPS]) diagnosis and
repairs were more frequently required in 2022 to maintain system operation. Equipment repairs including
replacements of the motor at EW-02, transducer at EW-01 and UPS at the system panel were completed in
December 2022. False alarms and additional system inspections remained consistent between 2021 and 2022,
and facility representatives continued to assist with inspections and resetting the system as needed. False alarms
included consistent P-100 and P-200 drive fault alarms, which have historically been associated with fluctuations
in the power supply to the system enclosure; roughly the same number of false alarms were received in 2021 and
2022.

O&M activities were reported in greater detail in monthly status reports in accordance with the discharge permit
requirements established by the POTW. Monthly compliance reports submitted from December 2021 through
December 2022 are included in Appendix C.

4.4 Groundwater Elevation Measurements

Water-level measurements were collected from the monitoring well network in September 2022. The system was
operational during the collection of these data, except for EW-02. Water-level measurements are presented in
Table 1, along with well construction details.

4.5 Performance Monitoring

Groundwater samples were collected using HydraSleeves™ on September 14 and 15, 2022 and submitted to
Eurofins TestAmerica Laboratories, located in Pittsburgh, Pennsylvania, for analysis of site-specific VOCs via
USEPA Method 8260C. HydraSleeves™ were retrieved no less than 24 hours after deployment pursuant to the
manufacturer’s specifications. Select samples were also analyzed for MNA parameters, including sulfate via
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USEPA Method 300.0, total and dissolved iron via USEPA Method 6020, TOC via USEPA Method 9060A, and
dissolved gases (methane, ethane, and ethene) via Method AM20GAX. Dissolved gas samples were analyzed by
Pace Analytical Energy Services LLC in Baton Rouge, Louisiana. The HydraSleeves™ were installed at the
depths presented in Table 1 and in accordance with manufacturer’s specifications.

Samplers were deployed at two separate depth intervals in deep overburden zone monitoring wells MW-18 and
MW-23. These two wells are screened across a layer of lower permeability silt, or silt and clay. By deploying the
samplers at two intervals, the difference in dissolved-phase COC concentrations above and below the silt and
clay layer can be assessed.

Water quality parameters (i.e., dissolved oxygen, oxidation-reduction potential, specific conductivity, temperature,
and pH) were measured downhole following retrieval of each passive sampling device. Field documentation,
including equipment calibration forms, sampling forms, and chain-of-custody documents, is included in
Appendix A.

4.6 Data Validation and Usability

Arcadis personnel validated the analytical data collected during the groundwater monitoring events in accordance
with USEPA Region 3 procedures (USEPA 1994, 1995) and professional judgment. Data validation included
review of the laboratory report narrative for noted deficiencies and the potential impact to data usability; review of
chain-of-custody documents, sample preservation, and sample receipt logs; and electronic data validation of
selected quality control parameters. No major deficiencies were identified during the data validation process.
Laboratory results and data validation reports are included in Appendices D and E, respectively.
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5 Performance Monitoring Results

This section presents the 2022 performance monitoring results. Groundwater sampling and gauging logs are
included in Appendix A. Laboratory analytical reports are included in Appendix D.

51 Groundwater Elevations

Depth to groundwater measurements were collected from the monitoring well network on September 13, 2022.
The September gauging event was conducted during a period of consistent system operation and included the
collection of water-level measurements at each monitoring well at the site. Results of the gauging event are
presented in Table 1.

The groundwater monitoring network consists of wells screened in the shallow, intermediate, and deep water-
bearing overburden zones. In addition to the 19 monitoring wells included in the performance monitoring program,
depth to water measurements were collected at an additional 25 monitoring wells and three extraction wells in
2022 to better assess groundwater flow at the site. During this event, groundwater elevations in the shallow,
intermediate, and deep monitoring wells ranged from 31.73 feet above mean sea level (msl) at MW-9S to 42.44
feet above msl at MW-4; 20.68 feet above msl at MW-15I to 43.97 feet above msl at MW-2; and -2.82 feet above
msl at MW-19D2 to 34.74 feet above msl at MW-26, respectively. Groundwater elevations in 2022 were generally
consistent with those in 2021.

Groundwater generally flows from west to east toward the Chesapeake Bay, and this year’s field measurements
are generally consistent with historical interpretations of site flow regimes. Evaluation of the groundwater
measurements with respect to inferred capture and horizontal hydraulic gradient influenced by the groundwater
stabilization system and flow conditions are discussed in Section 6.1.2. Groundwater elevation contours are
shown on Figures 4, 5, and 6.

5.2 Groundwater Analytical Results

Analytical results, including water quality parameters, are presented in Table 6. COC trends are discussed in
Section 6.1.3. The 2022 groundwater analytical results for the COCs identified at the site are summarized below:

e 1,1,2-TCA was not detected at concentrations exceeding its numerical CAO performance goal of 5 ug/L
during the 2022 sampling event. Detections were observed at two monitoring wells, with the highest
concentration of 1,1,2-TCA detected at MW-27 (2.2 ug/L).

o 1,2-DCA was detected at concentrations exceeding its numerical CAO performance goal of 5 ug/L at seven of
the 19 monitoring wells during the 2022 sampling event. The highest concentration of 1,2-DCA was detected
at MW-28D (1,600 pg/L).

e Chloroform was detected at a concentration exceeding its numerical CAO performance goal of 0.19 ug/L at
one monitoring well during the 2022 sampling event (at a concentration of 0.76 J [estimated] ug/L at MW-25I).
As previously noted, the numerical CAO performance goal for chloroform is less than the typical laboratory
reporting limit (less than 1 ug/L). There were no detections greater than the THM MCL of 80 ug/L.

o Methylene chloride was detected at concentrations exceeding its numerical CAO performance goal of 5 ug/L
at one monitoring well during the 2022 sampling event (at a concentration of 27 pg/L at MW-3, and a
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duplicate concentration of 31 pg/L). It should be noted that methylene chloride is generally present in the
extracted groundwater effluent (see Table 4), based primarily on elevated detections in extraction well EW-02
(maximum 2022 detection of 140,000 pg/L); however, these elevated detections appear to be localized to the
EW-02 area.

e TCE was detected at concentrations exceeding its numerical CAO performance goal of 5 ug/L at three of the
19 monitoring wells during the 2022 sampling event. The highest concentration of TCE was detected at MW-
61 (9.7 pg/L).

e VC was detected at concentrations exceeding its CAO performance goal of 2 pg/L at three of the 19
monitoring wells sampled during the 2022 sampling event. The highest concentration of VC was detected at
MW-3 (with a concentration of 91 pg/L and an estimated duplicate concentration of 100 pg/L).

Based on a comparison to CAO goals, the primary COC in site groundwater is 1,2-DCA. During the 2022
monitoring event, 1,2-DCA results exceeded the CAO goal in 42 percent of the samples.1,2-DCA concentrations
at the extraction wells have varied without clear trends since the last reporting period. The concentration of 1,2-
DCA at EW-01 ranged from 350 ug/L to 790 D ug/L (detected after dilution), compared to 83 pg/L to 1,100 pg/L in
2021. At EW-02, the concentration of 1,2-DCA in January 2022 was 47,000 D ug/L, compared to a range from
1,800 D pg/L to 17,000 pg/L in 2021. 1,2-DCA time-series results for the last five monitoring well sampling events
and select extraction well sampling events are shown on Figures 7 and 8. Other COCs in samples with CAO goal
exceedances include chloroform (5 percent), TCE (16 percent), VC (16 percent), and methylene chloride (5
percent). No detections of 1,1,2-TCA exceeded the CAO goal at the performance monitoring well locations.
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6 Performance Evaluation

The interim groundwater stabilization system operated from 2002 through 2014 and consisted of groundwater
extraction at MW-10D and the discharge of extracted groundwater to the City of Havre de Grace POTW. In
January 2015, the system was expanded to recover groundwater from two additional extraction wells, EW-01 and
EW-02. The primary purpose of the groundwater stabilization system is to reduce the migration of impacted
groundwater across the site property boundary in accordance with the CAOs. The system design was based on
analytical modeling used to predict the hydraulic influence of the two additional extraction wells (EW-01 and EW-
02) near existing extraction well MW-10D. The results of the model predicted that the target pumping rates (MW-
10D pumped at 6 gpm, EW-01 pumped at 3 gpm, and EW-02 pumped at 0.64 gpm) would be sufficient to control
further off-site migration of impacted groundwater.

Conceptually, implementation of the expanded groundwater stabilization system is expected to remove
contaminant mass and provide hydraulic control for on-site higher COC concentration areas. In turn, maintaining
hydraulic control of the higher on-site COC concentration areas is expected to simultaneously reduce the mass
flux migrating off site and enhance the migration of clean water (i.e., pore flushing) toward downgradient impacted
areas. Performance of the expanded groundwater stabilization system is discussed in Section 6.1, including mass
removal trends (Section 6.1.1), hydraulic capture analysis (Section 6.1.2), and COC trends (Section 6.1.3).

Other processes contributing to groundwater quality improvements include the biodegradation of site COCs.
Consequently, supplemental MNA parameters have been collected to better understand the site geochemistry
and the potential of biodegradation to contribute to water quality improvements. These data are discussed in
Section 6.2.

6.1 Groundwater Stabilization System Performance

6.1.1 Mass Removal

In 2022, 2,920,663 gallons of COC-impacted groundwater (Appendix F) were extracted by the system and
discharged to the local POTW, a decrease of approximately 11 percent compared to the extracted volume
reported for 2021. The three extraction wells did not operate as consistently in 2022 when compared to 2021, due
to the EW-02 motor failure and unforeseen equipment failures that caused protracted system shutdowns.
However, system operation was maximized during 2022 through routine and proactive O&M activities, including
completion of a combined mechanical well rehabilitation and hydro-jetting event to clear biofouling and scaling
from well screens, routine pump and piping network cleaning, and leak repairs.

As presented in Table 4, 1,2-DCA and methylene chloride concentrations in the combined effluent decreased
from 16,000 and 53,000 ug/L, respectively, in December 2014 (prior to operation of the expanded system) to 60 D
pg/L and nondetect, respectively, in October 2022. 1,2-DCA and methylene chloride concentrations in the
extraction wells were generally consistent during the sampling events conducted in 2022, except for the January
2022 sample from EW-02, which had 1,2-DCA and methylene chloride concentrations at the highest levels since
2018. The transient increases in concentrations at the extraction wells may represent plume equilibrium or back
diffusion processes occurring during shutdown periods and appear limited in extent.
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The estimated mass removed by the system in 2022 was approximately 30 pounds of 1,2-DCA and 83 pounds of
methylene chloride, resulting in a cumulative total of approximately 582 pounds of 1,2-DCA and 1,053 pounds of
methylene chloride removed since expansion of the groundwater stabilization system (Appendix F; Figure 9).
The effluent data demonstrate that the system is continuing to remove contaminant mass, thus eliminating the
mass flux downgradient of the site boundary.

6.1.2 Hydraulic Capture Analysis

The target hydraulic capture zone (Figure 6) for this analysis is based on the 2014 distribution of COC-impacted
groundwater (primarily groundwater impacted with 1,2-DCA) (Figure 10). This width perpendicular to groundwater
flow is approximately 575 feet (ft). To account for some uncertainty in the delineation, an additional 50 ft was
added (i.e., 25 ft on each side), resulting in a total width of 625 ft.

Because COCs have not been detected above CAO goals to any significant extent in the shallow overburden
zone within the site property boundary, the target hydraulic capture zone is restricted vertically to the intermediate
and deep overburden zones with a focus primarily on the deep overburden zone.

The following sections present an evaluation of hydraulic capture at the site.

6.1.2.1 Groundwater Elevation Contours

In general, under pumping conditions, the deep overburden zone contours in the vicinity of all pumping wells
show moderate cones of depression, indicating inward flow with a larger area of depression in the EW-01 and
MW-10D area due to proximity to one another and higher flow rates (superposition). Under non-pumping
conditions, the contours showed no inflection with groundwater flow generally to the east toward the Chesapeake
Bay. The intermediate potentiometric surface maps developed under both pumping and non-pumping conditions
have not demonstrated any discernible variation in the contours.

The deep overburden groundwater elevation contour map (Figure 6) is used to estimate the interpretive capture
zone. Note, according to USEPA guidance (2008), hydraulic heads measured at extraction wells should not be
used to interpret hydraulic capture and groundwater flow patterns. However, the hydraulic head local to the
extraction well can be estimated by correcting the measured water level at the extraction well for well losses
based on the flow rate resulting in a higher groundwater elevation in the extraction well. As such, the groundwater
elevation measured at EW-01 (25.68 ft above msl) was corrected utilizing the Bierschenk and Hantush graphical
method from historical step testing data according to USEPA guidance (2008). The resulting corrected water level
is 27.90 ft above msl at EW-01. Since EW-02 was not operating during the site-wide gauging event in September
2022, the groundwater elevation of 30.37 ft above msl was not corrected. Step testing data were unavailable for
MW-10D; therefore, this correction method was not used. However, the corrected groundwater elevation in the
vicinity of pumping well MW-10D (26.76 ft above msl) was estimated based on a drawdown of 4.15 ft and a well
efficiency operation of 75 percent. The well efficiency of 75 percent was estimated based on application of the
Theis equation using the theoretical drawdown compared to the actual drawdown from hydraulic testing
completed in 1999 (BBL 2000). These corrected levels were used when developing the deep overburden
groundwater elevation contour map for fall 2022 (Figure 6). The interpretative capture zone based on the
pumping influence was inferred by drawing perpendicular flow lines to the fall 2022 potentiometric surface in the
vicinity of the extraction wells. As shown on Figure 6, the interpretative capture zone for the groundwater
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stabilization system extends approximately 605 ft in width across the site and extends both north and east across
the site property boundary.

Overall, deep overburden zone water-level contours show inflection due to pumping (inward flow toward the
pumping wells with exception of inactive EW-02), while intermediate overburden water-level contours indicate little
horizontal hydraulic influence based on a review of the groundwater elevation contour maps. The interpreted
capture zone for the deep overburden zone fully encompasses the target capture zone of the site.

6.1.2.2 Profile Flow Nets

Groundwater flow for fall 2022 (pumping conditions) was also contoured in vertical section as profile flow nets
(Figures 11 through 14). The profile flow nets are generalized contours overlain on each geologic cross section
(A-A’ through C-C’) developed by using groundwater elevations posted at the midpoint of the respective well
screen. Hydrogeologic characteristics of the lithology and pumping influence were taken into consideration where
possible when drawing the contours. The interpreted groundwater flow is also presented as arrows drawn
perpendicular to the potentiometric contour lines. The approximate extent of current 1,2-DCA concentrations
exceeding 5 pg/L, the CAO goal, are also included on each cross section.

The dominant flow pattern observed in the profile flow nets is downward near the extraction wells that were active
(MW-10D and EW-01) where the potentiometric surface is greatest in the shallow and intermediate zones. The
concentric patterns centered on active extraction wells (e.g., EW-01 on cross section B-B; Figure 13) indicate the
influence that extraction wells have on surrounding groundwater. The central portion of cross section A-A’
indicates a change from downward flow near the extraction wells on site to upward flow at MW-141/MW-14
(Figure 12), which is consistent with the conceptual site model.

The 1,2-DCA plume extent is primarily located around the extraction wells and within the capture zone, although,
as discussed in Section 6.1.5.1.2, a slug of mass is migrating downgradient beyond the capture zone of the
expanded stabilization system; this slug is expected to attenuate over time.

6.1.3 Constituent of Concern Trends

Historical groundwater analytical results for site monitoring wells are included in Appendix G. COC trend plots for
select monitoring wells are included in Appendix H. These appendices include historical groundwater sampling
results since 1990. During development of the historical trend plots included in Appendix H, it was noted that
high historical 1,2-DCA detections in some samples resulted in elevated nondetect reporting limits for other
COCs. To observe clear trends on the trend plots, nondetect results are plotted at the same value (1 pg/L).

6.1.4 Fate and Transport Estimate

Concentrations of 1,2-DCA in groundwater exceed the CAO (5 ug/L) at downgradient monitoring well MW-19D1.
Fate and transport calculations were performed using deep zone hydraulic parameters (hydraulic conductivity,
hydraulic gradient), 1,2-DCA concentrations, attenuation factors (degradation rate, organic carbon content), and
zone characteristics (grain size, density, and porosity) to estimate the distance beyond MW-19D1 at which
1,2-DCA concentrations in groundwater become less than the CAO. Calculations were performed using recently
observed 1,2-DCA concentrations (September 2022) from MW-19D1. The average horizontal hydraulic gradient
was calculated from four monitoring wells (MW-15, MW-23, MW-20, and MW-19D1) and was approximately
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0.009 ft/ft. Note that the horizontal hydraulic gradient calculation (and the resulting groundwater flow velocity) is
conservative as the calculation assumes a constant gradient and does not take into account variation from
Chesapeake Bay tidal influence. The site hydraulic conductivity (K of 30 ft per day) used in the calculations was
taken from the groundwater analytical model presented in the 2019 Annual PMR (Arcadis 2020). Assuming an
effective porosity of 15 percent, the groundwater flow velocity was estimated to be approximately 1.8 ft per day or
657 ft per year. The actual transport rate of 1,2-DCA would be less than groundwater due to retardation (Rd)
factors. Based on published values for similar soil types for organic carbon and bulk density (Fetter 2001; USEPA
1996, 2021), the Rd for 1,2-DCA was calculated to be 1.39.

Time and distance calculations were completed based on conservative values from site-specific information,
published values described above, and the current concentration of 52 ug/L at MW-19D1. The calculation result is
presented below in Exhibit 3 and indicates that 1,2-DCA concentrations are calculated to attenuate to less than
the CAO of 5 pg/L at an estimated distance of 501 feet downgradient of MW-19D1. Thus, 1,2-DCA concentrations
in well MW-19D1 will attenuate to concentrations less than the CAO before reaching the Chesapeake Bay at its
closest point located approximately 632 feet downgradient of MW-19D1.

Exhibit 3. Time and Distance Calculation Results

Estimated Distance for 1,2-DCA to Attenuate

Site-Specific CAO Attenuation Rate (half- below CAO (ft)
(ng/L) life in days)
1,2-DCA 5 114 | 501
6.1.5 Discussion of Final Remedy Performance

The observed water-level data indicate that under pumping conditions, the deep overburden zone is hydraulically
captured across the entire width of the on-site impacted area. The observation that COCs in wells downgradient of
the northeastern site boundary continue to demonstrate decreasing or stable trends (i.e., MW-27, MW-18, MW-186,
and MW-14, Appendix H) is further evidence that adequate hydraulic capture is occurring.

To maintain and enhance the operational capture zone of the groundwater stabilization system in 2023, an annual
well rehabilitation and hydro-jetting event will be conducted in addition to routine pump cleaning throughout the
year. Routine pipe cleaning will be conducted quarterly, or as needed based on well performance. Additionally,
routine system inspections and timely leak repairs will facilitate continued system operation. Effluent samples
collected during routine system inspections will be used to optimize flow rate at each extraction well. The effective
hydraulic capture is continuing to improve groundwater quality at the site and eliminate contaminant mass flux
downgradient of the site boundary.

It is expected that the expanded groundwater stabilization system will continue to operate until the magnitude and
extent of groundwater impacts have been reduced to a point that natural attenuation processes will be sufficient to
continue groundwater quality improvements to meet CAO goals. Annual performance monitoring of system
operations is conducted to assess the long-term trends in response to implementation of the expanded system.
Part of these evaluations include monitoring COC trends at six POC monitoring wells (MW-3, MW-12S, MW-12D,
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MW-13D, MW-19D1, and MW-20D1) within and at the leading edge of the COC-impacted groundwater, as
established in the PMP (Arcadis 2012b).

Eight monitoring events have been conducted since November 2014, with seven events occurring after
implementation of the expanded groundwater stabilization system in January 2015. Groundwater analytical
results for 1,2-DCA for the last seven monitoring events and concentrations first measured at each location
following well installation are shown on Figures 7 and 8.

6.1.5.1 1,2-Dichloroethane

Prior to operation of the expanded system in January 2015, concentrations of 1,2-DCA greater than 100 ug/L
remained at several locations, including intermediate monitoring wells MW-61 and MW-13D and deep monitoring
wells MW-3, MW-16, MW-18, MW-27, and MW-28D. As shown in Appendix H, 1,2-DCA concentrations exhibit a
stable to decreasing trend at these monitoring wells following implementation of the expanded system in

January 2015.

Table 7 presents the percent change in 1,2-DCA concentrations at intermediate and deep monitoring wells,
calculated using historical maximum concentrations and baseline concentrations (prior to operation of the
expanded system).

6.15.1.1 Intermediate Wells

As presented in Table 7, 1,2-DCA has exhibited a reduction of 94 percent or greater at each of the five
intermediate wells when comparing 2022 concentrations to historical maximums, including on-site POC well
MW-13D (greater than 99 percent reduction). Concentrations of 1,2-DCA were less than laboratory reporting
limits at on-site POC well MW-12D and have exhibited a decreasing trend at off-site intermediate well MW-14l,
with concentrations less than the CAO goal of 5 pg/L from 2018 through 2021 and slightly above the CAO goal in
2022 (5.3 pg/L). Concentrations of 1,2-DCA in intermediate wells overall have declined in 2021 and 2022
compared to concentrations observed from 2015 to 2020.

6.1.5.1.2 Deep Wells

1,2-DCA has exhibited a reduction of 55 percent or greater at seven of the 11 deep wells since operation of the
expanded system began in January 2015: MW-3, MW-14, MW-16, MW-18, MW-20D1, MW-23, and MW-27.
Concentrations of 1,2-DCA observed prior to operation of the expanded system and in September 2022 were less
than laboratory reporting limits in MW-8D and less than 1.1 pg/L in downgradient monitoring wells MW-20D1 and
MW-22D.

Results from 2022 indicate:

e 1,2-DCA concentrations similar to 2021 results were observed at off-site deep monitoring wells MW-19D1 and
MW-23, and were greater than the CAO goal of 5 pg/L. Prior to 2018, these wells generally demonstrated a
decreasing or stable trend. At MW-19D1, concentrations of 1,2-DCA were less than the CAO goal of 5 pug/L in
November 2014 (3.0 pg/L), June 2015 (1.6 pg/L), November 2015 (1.9 pg/L), and October 2017 (2.8 pg/L).
Concentrations of 1,2-DCA at MW-19D1 have been stable since 2018, with a slight increase in 2022.

e Atthe lower sample interval of MW-23, concentrations of 1,2-DCA were also generally stable or declining
from November 2014 (56 pg/L) to November 2018 (15 pg/L), with small increases in September 2019
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(19 pg/L) and October 2020 (27 pg/L). The concentration detected in September 2022 (9.5 pg/L) was lower
than the concentration in September 2021 (14 ug/L).

e Analytical results observed in 2022 were generally consistent with 2021 results. It is believed that a slug of
mass is migrating downgradient beyond the capture zone of the expanded stabilization system and
concentrations of 1,2-DCA at these locations will attenuate (reduce) through time. Although 1,2-DCA
concentrations remain greater than the CAO goal of 5 pug/L at seven of the 11 deep wells, generally
decreasing trends are evident at most of these locations.

6.1.5.1.3 Point of Compliance Wells

At three POC locations (MW-12S, MW-12D, and MW-20D1), COC concentrations remained less than their
respective CAO goals. 1,2-DCA was detected at concentrations exceeding the CAO goal of 5 pg/L at MW-13D in
2019, 2021, and 2022, but concentrations had declined in 2020. At on-site POC monitoring well MW-3, 1,2-DCA
was detected at a concentration exceeding the CAO goal of 5 pg/L in 2022 (34 pg/L). MW-3 is located at the
former UST farm in the southern corner of the site. At downgradient POC well MW-19D1, the concentration of
1,2-DCA also exceeded the CAO goal of 5 pg/L in 2022 (52 pg/L), slightly higher than the 2021 result (30 pg/L).
Concentrations of 1,2-DCA at MW-19D1 have been generally stable since 2018.

6.1.5.2 Methylene Chloride

At MW-3, the concentration of methylene chloride (27 pg/L) was greater than its CAO goal of 5 pg/L and less than
its historical peak concentration in October 1997 (15,000 pg/L). Methylene chloride was also detected in 2020

(53 pg/L) and 2021 (35 J pg/L). In 2022, the maximum concentration of methylene chloride (140,000 ug/L) was
detected at downgradient extraction well EW-02. The groundwater extraction system was shut down for three
weeks prior to the sampling event, likely resulting in a concentration that was biased high. Methylene chloride was
not detected in the other monitoring wells identified in the PMP (Arcadis 2012b) in 2022. Groundwater samples
will continue to be collected from performance monitoring wells, including MW-3, and analyzed for methylene
chloride to further evaluate the isolated detections observed to date.

6.1.5.3 Other Constituents of Concern

In general, concentrations of other COCs have remained stable or decreased following implementation of the
expanded groundwater stabilization system in January 2015; exceptions include general increases in VC
concentrations at MW-3 (concentration increased from 17 to 190 pg/L between 2017 and 2020, decreased to 59 J
Mg/l in 2021 and 91 pg/L in 2022). VC is a daughter product of TCE and 1,2-DCA, and increased concentrations
of VC at this well is indicative of parent COC degradation, which is also supported by decreases in TCE and 1,2-
DCA concentrations since 2017.

6.2 Monitored Natural Attenuation Assessment

This section discusses off-site and downgradient MNA conditions, with a focus on the biodegradation potential of
groundwater COCs and current groundwater oxidation-reduction (redox) conditions. In addition, this section
discusses the extent to which biodegradation is occurring based on the established redox conditions, COC trends,
and/or presence of degradation products.
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To support this evaluation, current biogeochemical data are presented in Table 6. In addition, a bar chart figure
showing the ratios of COC compounds, advanced degradation products (ethene and ethane), and redox
indicators (iron, sulfate, methane) is shown on Figure 15. The current COC detections were reviewed as a
screening step to determine the dominant COCs in downgradient areas. The only COC widely detected in the off-
site monitoring well network was 1,2-DCA. Since implementation of the PMP (Arcadis 2012b), the highest off-site
concentration of 1,2-DCA has been observed at monitoring well MW-27 (12,000 pg/L), located approximately
100 ft beyond the northeast site boundary. As presented in Appendix H, Figure H-16, 1,2-DCA concentrations at
MW-27 have decreased from 12,000 ug/L (December 2006) to 3 ug/L (September 2022) and represent a
downward trend. In 2022, 1,2-DCA exceeded its CAO goal of 5 pg/L at the upper and lower intervals of monitoring
well MW-23 (11/9.5 ug/L), downgradient POC well MW-19D1 (52 ug/L), and off-site monitoring well MW-141

(5.3 pg/L). No other COCs were detected at concentrations greater than their respective CAO goals at the off-site
monitoring wells.

Several known biological and abiotic processes can potentially contribute to the natural attenuation of 1,2-DCA.
Aerobic oxidation is a microbial process where 1,2-DCA is used as a carbon source either solely or through co-
metabolic reactions. When used as a sole carbon source, chloroethanol is formed as an intermediate metabolite
and is then mineralized to carbon dioxide and water. With biological reductive dechlorination, 1,2-DCA is
sequentially degraded to chloroethane and ethane under anaerobic and reducing conditions. Hydrolysis of 1,2-
DCA is slow and not a significant abiotic attenuation process. However, the reported half-life for chloroethane (a
1,2-DCA degradation product) via hydrolysis is faster, ranging from days to months. Biogeochemical reductive
dechlorination is also a potential abiotic degradation process. Under iron- and sulfate-reducing conditions, surface
reactions with the iron sulfide precipitates can degrade 1,2-DCA.

As presented in Table 6, select wells including on-site monitoring well MW-3 and off-site monitoring wells MW-
141, MW-16, MW-18, MW-19D1, MW-20D1, MW-23, and MW-27 were analyzed for natural attenuation
parameters, including sulfate, total and dissolved iron, TOC, and dissolved gases (methane, ethane, and ethene).
The biogeochemical data collected indicate that redox conditions ranged from mildly to strongly reducing. Three
of the monitoring wells sampled for natural attenuation parameters exhibited elevated dissolved iron
concentrations. One on-site well (MW-3), several wells immediately downgradient of the site boundary (MW-14l,
MW-16, and MW-27), and downgradient POC well MW-19D1 exhibited low, but elevated, methane detections
typically greater than background levels. Methane was also detected in downgradient monitoring well MW-20D1
at a concentration of 180 ug/L. The advanced degradation product, ethene, has been detected at significant
concentrations (greater than 100 pg/L) at monitoring well MW-27 since 2014 (730 pg/L in 2022). The
biogeochemical conditions along with the presence of these compounds suggests that 1,2-DCA and TCE are
attenuating at wells MW-3, MW-14l, MW-16, MW-19D1, MW-20D1, and MW-27, and the natural attenuation
processes are contributing to mass destruction.
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7 Summary and Conclusion

Overall, a combination of on-site mass removal, mass flux reductions, and natural attenuation processes continue
to improve groundwater quality on site and off site, and COC trends continue to demonstrate significant
groundwater quality improvements since expansion of the groundwater stabilization system in 2015. A
comparison of 1,2-DCA isoconcentration plume contours between 2014 and 2022 (as depicted on Figure 10),
shows that the plume footprint is shrinking, with a portion of the off-site plume moving toward the northeast since
expansion of the groundwater stabilization system in 2015. There are no known locations with sensitive receptors
downgradient of the plume (e.g., schools, hospitals), and the Chesapeake Bay at its closest point is approximately
632 feet from the northern edge of the plume. The groundwater use restriction area encompasses the portion of
the plume moving to the northeast, as shown on Figure 2, which will be transmitted to the Harford County Health
Department, City of Havre de Grace Planning and Zoning Department, and the POTW in early 2023 in
accordance with the site’s Institutional and Engineering Control Plan.

Six monitoring wells were identified for POC monitoring (MW-3, MW-12S, MW-12D, MW-13D, MW-19D1, and
MW-20D1) during active operation of the groundwater stabilization system. Annual COC sampling results from
2022 are summarized below:

e Atthree POC locations (MW-12S, MW-12D, and MW-20D1), COC concentrations are less than their
respective CAO goals.

e Aton-site POC monitoring well MW-3, 1,2-DCA, methylene chloride, and VC were detected at concentrations
exceeding their CAO goal of 5 pg/L (1,2-DCA and methylene chloride) and 2 ug/L (VC).

e Atdowngradient POC well MW-19D1, the concentration of 1,2-DCA exceeded the CAO goal of 5 pug/L in 2022
(52 pg/L), slightly higher than the 2021 result. 1,2-DCA concentrations at this location remained less than the
CAO goal of 5 pg/L between 2014 and 2017. The current concentration of 1,2-DCA (52 ug/L) at MW-19D1 is
less than the historical maximum value (390 pg/L in 2000), and concentrations generally have been stable
since 2018, ranging from 26 to 52 pg/L. It is expected that concentrations of 1,2-DCA will attenuate (reduce)
through time at this location. This is further supported by the significant reduction in COC concentrations at
off-site monitoring well MW-27 (only TCE and VC were detected at concentrations greater than their
respective CAO goals in 2022) since expansion of the groundwater stabilization system in 2015.

o At MW-3, methylene chloride (27 pg/L, duplicate concentration of 31 pg/L) was greater than its CAO goal of
5 pg/L. Historically, MW-3 was one of the more impacted wells on site and concentrations have decreased
several orders of magnitude through the last 17 years.

e In general, concentrations of the other COCs have remained stable or decreased following implementation of
the expanded groundwater stabilization system in January 2015. Exceptions include the periodic increases of
VC concentrations at monitoring well MW-3 due to natural attenuation processes.

e The only COC widely detected in the off-site monitoring well network was 1,2-DCA. Since implementation of
the PMP (Arcadis 2012b), the highest off-site concentration of 1,2-DCA has been observed at monitoring well
MW-27 (12,000 pg/L). As presented in Appendix H, Figure H-16, 1,2-DCA concentrations at monitoring well
MW-27 have decreased from 12,000 pg/L (December 2006) to 3 pg/L (September 2022).

e Concentrations of 1,2-DCA greater than 100 pg/L were observed at two monitoring wells (MW-61 and MW-
28D). 1,2-DCA concentrations exhibit an overall declining trend at MW-28D even with a recent increase from
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450 D pg/L in 2020 to 1,600 pg/L in 2022. 1,2-DCA concentrations exhibit an overall stable trend at MW-6l,
with recent detections being lower than detections from 2016 through 2020.

Groundwater samples from select monitoring wells are analyzed for biogeochemical parameters and degradation
products to assess the biodegradation potential of groundwater COCs and current groundwater redox conditions.
Biogeochemical sample results from 2022 are summarized below:

e The biogeochemical data collected to date indicate that redox conditions range from mildly to strongly
reducing.

e Wells MW-3, MW-14l, MW-16, MW-19D1, and MW-27 exhibited methane detections that were higher than
background levels and ranged from 14 to 150 pg/L. Methane was also detected at downgradient monitoring
well MW-20D1 (180 pg/L).

e Advanced degradation product, ethene, has been detected at significant concentrations (greater than
100 pg/L) in MW-27 from 2014 to 2022.

The presence of these compounds suggests that COCs are attenuating at wells MW-3, MW-14l, MW-16, MW-
19D1, MW-20D1, and MW-27, and the natural attenuation processes are contributing to mass destruction.

Conservative fate and transport calculations were completed to estimate the distance downgradient that 1,2-DCA
concentrations in groundwater reach levels less than the CAO (5 pg/L). The results indicate that 1,2-DCA in well
MW-19D1 will attenuate to concentrations less than the CAO before reaching the Chesapeake Bay at its closest
point located approximately 632 feet downgradient of MW-19D1.

The groundwater stabilization system operated continuously, except for extraction well EW-02, with an overall
uptime of 74 percent in 2022. A P-300 overload fault alarm shut down the EW-02 pump in March 2022. A new
motor was ordered, and groundwater extraction should resume in January 2023. The most significant downtime
occurred in December 2021 through February 2022 due to a pipe leak at the POTW facility. Repairs were
completed on February 10, 2022, when corroded pipes were replaced and the system was returned to operational
status. While biofouling of the well screens, pump motors, and subsurface piping network continue to hinder
system performance, routine and proactive O&M activities conducted in 2022 optimized overall system
performance, similar to 2021.

The observed water-level data indicate that under pumping conditions, the deep overburden zone is hydraulically
captured across the entire width of the on-site impacted area. Moreover, the observation that COCs in wells
downgradient of the northeastern site boundary continue to demonstrate decreasing or stable trends (i.e., MW-27,
MW-18, MW-16, and MW-14) is further evidence that adequate hydraulic capture is occurring.

To maintain the operational capture zone of the groundwater stabilization system in 2023, an annual well
rehabilitation and hydro-jetting event will be conducted in addition to routine pump cleaning throughout the year.
Routine pipe cleaning will be conducted quarterly, or as needed based on well performance. Additionally, routine
system inspections and timely leak repairs will allow for continued system operation. Effluent samples collected
during routine system inspections will be used to optimize flow rate at the three extraction wells.
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8

Path Forward

The following activities are planned for 2023:

Continue operation of the groundwater stabilization system to maintain groundwater capture. The PMP
(Arcadis 2012b) states that the groundwater stabilization system will operate for at least 15 years (2015
through 2030). The eighth year of operation was performed in 2022.

Perform annual extraction well rehabilitation to maintain well and pump performance.
Resume groundwater extraction at EW-02.

Collect samples for analysis of biogeochemical parameters (ethane, ethene, methane, sulfate, total and
dissolved iron, and TOC) at MW-28D, the well with the highest COC concentrations currently.

Utilize the software program KT3D_H20 Version 3.0 (Karanovic et al. 2009) to interpret groundwater
elevation contours and estimate capture zones for the site extraction wells. KT3D_H20 Version 3.0 is a
graphical user interface that combines various programs to generate gridded maps of groundwater-level
elevations with corresponding estimated capture zones. The tools used in KT3D_H20O Version 3.0 combine
geostatistical (kriging) and hydrological sciences to allow the user to support map-based hydrogeologic
analyses without the use of numerical groundwater flow models. This software is cited in USEPA guidance
(2008) and will provide for analysis of the extraction system operation using current data, rather than relying
on historical step testing data or approximated well efficiencies to estimate groundwater elevations and
influence near the extraction wells.

Following the collection of 10 years of performance monitoring data, an additional statistical trend analysis will be
conducted in 2024. Results of the statistical analysis will be used to modify the monitoring program and assess
long-term trends in response to continued implementation of the expanded system.
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